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57 ABSTRACT

Methods and apparatus for processing a substrate are pro-
vided herein. For example, a method for hybrid bonding a
wafer comprises performing a first vacuum processing pro-
cedure on the wafer disposed within a first processing
chamber, obtaining at least one of moisture measurements or
organic species measurements within the first processing
chamber, comparing the obtained at least one of moisture
measurements or organic species measurements with a pre-
determined threshold, and one of when a comparison of the
obtained at least one of moisture measurements or organic
species measurements is equal to or less than the predeter-
mined threshold automatically performing a second vacuum
processing procedure in a second processing chamber dif-
ferent from the first processing chamber on the wafer, or
when the comparison of the obtained at least one of moisture
measurements or organic species measurements is greater
than the predetermined threshold automatically continuing
performing the first vacuum processing procedure on the
wafer.

20 Claims, 3 Drawing Sheets
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1
METHODS AND APPARATUS FOR VACUUM
PROCESSING A SUBSTRATE

FIELD

Embodiments of the disclosure generally relate to meth-
ods and apparatuses for. For example, embodiments of the
disclosure relate to methods and apparatus that use endpoint
detection with a residual gas analyzer (RGA) for Chip-on-
Wafer (CoW) hybrid bonding.

BACKGROUND

Conventional tape-frame wafers used in CoW hybrid
bonding release an extensive amount of outgas, e.g., mois-
ture, CO_, CO,, H,0, and organic species (C_H,, plasticizer,
etc.) when loaded in a plasma chamber for surface activa-
tion. The outgassing can result in a variety of issues, which
can include, but is not limited to, slow pumping down
process, poor chamber base pressure, and chamber contami-
nation. Accordingly, one or more degas processes is often
used before the plasma step to mitigate such issues. How-
ever, the duration can vary largely due to mix-run (e.g., due
to CoW’s “mix-and-bond” process of KGDs) of different
incoming tape materials, upstream process/staging condi-
tions, and/or wafer quantity in one single batch run.

A capability of inline outgas monitoring and endpoint
detection using RGA, and real-time feedback for automatic
degas duration tuning is desirable. Temperature measure-
ment, however, in a vacuum is challenging due to a lack of
a conduction/convection medium. Conventional methods
and apparatus utilize non-contact infrared (NC-IR) sensors.
For example, in degas processes, which usually operate in
high vacuum, temperature measurement and control rely on
NC-IR sensors. However, such sensors are emissivity-de-
pendent and, thus, material dependent. As such, iterative
manual calibrations using, for example, temperature stickers
need to be performed prior to degas processing different
substrate materials, which is slow, not performed in real-
time, and less sensitive to outgas.

SUMMARY

Methods and apparatus for processing a substrate are
provided herein. In some embodiments, for example, a
method for hybrid bonding a wafer comprises performing a
first vacuum processing procedure on the wafer disposed
within a first processing chamber, obtaining at least one of
moisture measurements or organic species measurements
within the first processing chamber, comparing the obtained
at least one of moisture measurements or organic species
measurements with a predetermined threshold, and one of
when a comparison of the obtained at least one of moisture
measurements or organic species measurements is equal to
or less than the predetermined threshold automatically per-
forming a second vacuum processing procedure in a second
processing chamber different from the first processing cham-
ber on the wafer, or when the comparison of the obtained at
least one of moisture measurements or organic species
measurements is greater than the predetermined threshold
automatically continuing performing the first vacuum pro-
cessing procedure on the wafer.

In accordance with at least some embodiments, a non-
transitory computer readable storage medium has instruc-
tions stored thereon that, when executed by a processor,
cause a method for hybrid bonding a wafer to be performed.
The method comprises performing a first vacuum processing
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procedure on the wafer disposed within a first processing
chamber, obtaining at least one of moisture measurements or
organic species measurements within the first processing
chamber, comparing the obtained at least one of moisture
measurements or organic species measurements with a pre-
determined threshold, and one of when a comparison of the
obtained at least one of moisture measurements or organic
species measurements is equal to or less than the predeter-
mined threshold automatically performing a second vacuum
processing procedure in a second processing chamber dif-
ferent from the first processing chamber on the wafer, or
when the comparison of the obtained at least one of moisture
measurements or organic species measurements is greater
than the predetermined threshold automatically continuing
performing the first vacuum processing procedure on the
wafer.

In accordance with at least some embodiments, an inte-
grated tool for hybrid bonding a wafer comprises a first
processing chamber configured to perform a first vacuum
processing procedure, a second processing chamber differ-
ent from the first processing chamber and configured to
perform a second vacuum processing procedure, and a
controller configured to obtain at least one of moisture
measurements or organic species measurements within the
first processing chamber and the second processing cham-
ber, compare the obtained at least one of moisture measure-
ments or organic species measurements with a predeter-
mined threshold, and one of when a comparison of the
obtained at least one of moisture measurements or organic
species measurements is equal to or less than the predeter-
mined threshold automatically perform the second vacuum
processing procedure in the second processing chamber on
the wafer, or when the comparison of the obtained at least
one of moisture measurements or organic species measure-
ments is greater than the predetermined threshold automati-
cally continue performing the first vacuum processing pro-
cedure on the wafer.

Other and further embodiments of the present disclosure
are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present disclosure, briefly summa-
rized above and discussed in greater detail below, can be
understood by reference to the illustrative embodiments of
the disclosure depicted in the appended drawings. However,
the appended drawings illustrate only typical embodiments
of the disclosure and are therefore not to be considered
limiting of scope, for the disclosure may admit to other
equally effective embodiments.

FIG. 1 is a flowchart of a method of processing a
substrate, in accordance with at least some embodiments of
the present disclosure.

FIG. 2 is a system for performing the method of FIG. 1,
in accordance with at least some embodiments of the present
disclosure.

FIG. 3 is a sequencing diagram of the method of FIG. 1,
in accordance with at least some embodiments of the present
disclosure.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
elements that are common to the figures. The figures are not
drawn to scale and may be simplified for clarity. Elements
and features of one embodiment may be beneficially incor-
porated in other embodiments without further recitation.

DETAILED DESCRIPTION

Embodiments of methods and apparatus for processing a
substrate are provided herein. For example, the methods and



US 11,756,925 B2

3

apparatus described herein are configured for prebonding
treatments of a diced wafer on a tape frame and the sub-
strates to which the dies are to be bonded to. For example,
in at least some embodiments, a method can comprise a
predetermined/preset threshold (endpoint), which can be
based on downstream process requirements. One or more
apparatus can be used to measure/monitor a content of
outgas, e.g., moisture, CO,, and organic species in a pro-
cessing chamber (e.g., degas processing chamber, plasma
processing chamber, etc.). In at least some embodiments, a
residual gas analyzer (RGA) can be used to measure/monitor
the content of moisture, CO,, and organic species during
operation. An RGA signal can then be compared with the
predetermined/preset threshold, and additional processing
(e.g., degas cycles/duration) can be automatically triggered
if the predetermined threshold is not met. The methods and
apparatus described herein, enable inline real-time process
monitoring. Thus, the methods and apparatus described
herein can provide reliable and flexible degas mix-run for
different incoming tape materials, improved upstream pro-
cess/staging conditions, and increased substrate (wafer)
throughput in a relatively simple and cost efficient manner.

FIG. 1 is a flowchart of a method 100 for processing a
substrate (e.g., a diced wafer on a tape frame), and FIG. 2 is
a tool 200 (or system) that can used for carrying out the
method 100, in accordance with at least some embodiments
of the present disclosure.

The method 100 may be performed in a tool 200 including
any suitable processing chamber configured for one or more
of physical vapor deposition (PVD), chemical vapor depo-
sition (CVD), atomic layer deposition (ALD), such as
plasma enhanced ALD or thermal ALD (e.g., no plasma
formation), degas procedure, cleaning procedures,
backgrinding procedures, tape mounting procedures, dicing
procedures, ultra-violet procedure, etc. Exemplary process-
ing systems that may be used to perform the inventive
methods disclosed herein may include, but are not limited to,
those processing systems commercially available from
Applied Materials, Inc., of Santa Clara, Calif. Other pro-
cessing chamber, including those from other manufacturers,
may also be suitably used in connection with the teachings
provided herein.

The tool 200 can be embodied in individual processing
chamber that may be provided in a standalone configuration
or as part of a cluster tool, for example, an integrated tool,
described below with respect to FIG. 2. Examples of the
integrated tool include the line of integrated tools, available
from Applied Materials, Inc., of Santa Clara, Calif. The
methods described herein may be practiced using other
cluster tools having suitable processing chamber coupled
thereto, or in other suitable processing chamber. For
example, in some embodiments, the inventive methods
discussed herein may be performed in an integrated tool
such that there are limited or no vacuum breaks between
processing steps.

The integrated tool can include a vacuum-tight processing
platform (mainframe) or an atmospheric mainframe
(AMM), which a vacuum buffer can be connected to,
(processing platform 201), a factory interface 204, and a
system controller 202. For illustrative purposes, the tool 200
is described herein as a vacuum-tight processing platform.
The processing platform 201 comprises multiple processing
chamber, such as 214A, 214B, 214C, and 214D operatively
coupled to a transfer chamber 203 (vacuum substrate trans-
fer chamber). The factory interface 204 is operatively
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coupled to the transfer chamber 203 by one or more load
lock chambers (two load lock chambers, such as 206A and
206B shown in FIG. 2).

In some embodiments, the factory interface 204 com-
prises a docking station 207, a factory interface robot 238 to
facilitate the transfer of one or more semiconductor sub-
strates (wafers). The docking station 207 is configured to
accept one or more front opening unified pod (FOUP, for
substrates) and EFEM (for tape-frame wafers). Four
FOUPS, such as the carriers 205A, 2058, 205C, and 205D,
are shown in the embodiment of FIG. 2. The factory
interface robot 238 is configured to transfer the substrates
from the factory interface 204 to the processing platform
201 through the load lock chambers, such as load lock
chambers 206A and 206B. Each of the load lock chambers
206A and 206B have a first port coupled to the factory
interface 204 and a second port coupled to the transfer
chamber 203. The load lock chamber 206A and 206B are
coupled to a pressure control system (not shown) which
pumps down and vents the load lock chambers 206A and
206B to facilitate passing the substrates between the vacuum
environment of the transfer chamber 203 and the substan-
tially ambient (e.g., atmospheric) environment of the factory
interface 204. The transfer chamber 203 has a vacuum robot
242 disposed within the transfer chamber 203. The vacuum
robot 242 is capable of transferring substrates 221 between
the load lock chamber 206A and 206B and the processing
chamber 214A, 214B, 214C, and 214D.

In some embodiments, the processing chamber 214A,
214B, 214C, and 214D, are coupled to the transfer chamber
203. The processing chambers 214 A, 214B, 214C, and 214D
comprise at least an ALD chamber, a CVD chamber, a PVD
chamber, an e-beam deposition chamber, and/or an electro-
plating, electroless (EEP) deposition chamber.

In some embodiments, one or more optional service
chambers (shown as service chambers 216A and 216B) may
be coupled to the transfer chamber 203. The service cham-
bers 216A and 216B may be configured to perform other
substrate processes, such as degassing, ultra-violet release,
backgrinding, tape mounting hybrid bonding, chemical
mechanical polishing (CMP), wafer cleaving, etching,
plasma dicing, cleaning (e.g., wet process), orientation,
substrate metrology, cool down and the like.

The system controller 202 controls the operation of the
tool 200 using a direct control of the processing chambers
214A, 214B, 214C, and 214D or alternatively, by controlling
the computers (or controllers) associated with the processing
chambers 214A, 214B, 214C, and 214D and the tool 200. In
operation, the system controller 202 enables data collection
and feedback from the respective chambers and systems to
optimize performance of the tool 200. The system controller
202 generally includes a central processing unit 230, a
memory 234, and a support circuit 232. The memory 234
can be a non-transitory computer readable storage medium
having instructions stored thereon that, when executed by a
processor, cause a method for hybrid bonding a wafer to be
performed, as described in more detail below. The central
processing unit 230 may be any form of a general-purpose
computer processor that can be used in an industrial setting.
The support circuit 232 is conventionally coupled to the
central processing unit 230 and may comprise a cache, clock
circuits, input/output subsystems, power supplies, and the
like. Software routines, such as processing methods as
described above may be stored in the memory 234 and,
when executed by the central processing unit 230, transform
the central processing unit 230 into a system controller 202
(specific purpose computer). The software routines may also
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be stored and/or executed by a second controller (not shown)
that is located remotely from the tool 200.

Continuing with reference to FIG. 1, initially one or more
substrates, tape-frame wafers, or the like may be loaded into
one or more of the four carriers, such as carriers 205A,
205B, 205C, and 205D. For example, in at least some
embodiments, a tape-frame substrate (wafer) 208 can be
loaded into carrier 205A. The tape-frame substrate 208 can
be made from one or more suitable materials. For example,
the tape-frame substrate (wafer) can be made from a poly-
meric material (e.g., a tape-frame wafer with singulated dies
on a polymeric/acrylic material or a wafer coated by a
polymer/dielectric material).

Alternatively, a tape-frame wafer can be formed using the
tool 200. For example, as illustrated in FIG. 3, in at least
some embodiments, an un-diced wafer 302 (e.g., silicon
oxide (SiO, on Si, polymer-coated, with SiO,, gallium
arsenide (GaAs), etc., with or without copper (Cu) patterns)
can be loaded into the four carriers, such as carriers 205A,
205B, 205C, and 205D. Once loaded, the factory interface
robot 238 can transfer the tape-frame substrate 208 and/or
the un-diced wafer 302 from the factory interface 204 to the
processing platform 201 through, for example, the load lock
chamber 206A. The vacuum robot 242 can transfer the
tape-frame substrate 208 and/or the un-diced wafer 302 from
the load lock chamber 206A to and from one or more of the
processing chamber 214A-214D and/or the service cham-
bers 216A and 216B.

For example, in at least some embodiments, such as when
the un-diced wafer 302 is loaded into one of the four carriers,
the vacuum robot 242 can transfer the tape-frame substrate
208 from the load lock chamber 206A to one of the service
chambers 216A and 216B to perform one or more optional
procedures on the un-diced wafer 302. For example, the one
or more optional procedures can comprise performing at
least one of a backgrinding procedure, a tape mounting
procedure, or a dicing procedure to form the un-diced wafer
302 into the tape-frame wafer (e.g., to comprise a plurality
of singulated die 304, a metal frame 306, an adhesive layer
308, and an organic tape layer 310. In at least some
embodiments, the adhesive layer 308 can be disposed on top
of the organic tape layer 310 on which the plurality of
singulated die 304 and the metal frame 306 are disposed.
Alternatively or additionally, an optional cleaning procedure
can also be performed on the un-diced wafer 302.

Similarly, when the tape-frame substrate 208 is loaded
into one of the four carriers, the vacuum robot 242 can
transfer the tape-frame substrate 208 from the load lock
chamber 206A to one of the service chambers 216A and
216B to perform one or more optional procedures on the
tape-frame substrate 208. For example, the one or more
optional procedures can comprise performing an optional
cleaning procedure on the tape-frame substrate 208.

As noted above, tape-frame substrates that are used in
CoW hybrid bonding can release extensive amounts of
moisture, CO,, CO,, H,O, and/or organic species (C H,,
plasticizer, etc.) when loaded into a plasma chamber for
surface activation, which can result in a variety of issues,
including but not limited to, a slow pumping down proce-
dure, poorer chamber base pressure, chamber contamina-
tion, etc. A degas procedure can be used prior to the plasma
procedure to mitigate such issues.

Accordingly, next, at 102, the method 100 can comprise
performing a first vacuum processing procedure on a sub-
strate disposed within a first processing chamber. For
example, in at least some embodiments, the vacuum robot
242 can transfer the tape-frame substrate 208 from the one
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6
of the service chambers 216A and 216B to one of the
processing chambers 214A-214D, which can be configured
to perform a degas procedure and/or a plasma procedure.

Next, at 104, the method 100 can comprise obtaining at
least one of moisture measurements or organic species
measurements within the first processing chamber. For
example, one or more apparatus can be coupled to or
disposed within the processing chambers 214A-214D and
configured to obtain moisture measurements or organic
species measurements. In at least some embodiments, an
RGA 210 can be used to obtain moisture measurements
and/or organic species measurements. The RGA 210 can be
operably coupled (attached) to one of the processing cham-
bers 214A-214D (e.g., processing chamber 214A) via one or
more coupling methods or apparatus, e.g., adhesives, bond-
ing processes, fasteners, etc. The RGA 210 may be any
suitable RGA capable of obtaining the moisture measure-
ments and/or the organic species measurements. For
example, in at least some embodiments, the RGA 210 can be
an INFICON Transpector® CPM 3.0 RGA with suitable
orifice and inlet configurations.

Next, at 106, the method 100 comprises comparing the
obtained at least one of moisture measurements or organic
species measurements with a predetermined threshold. For
example, the predetermined threshold can be determined
based on at least one of a chamber baseline value associated
with a plurality of different wafers or a change in a slope. In
at least some embodiments, the plurality of different wafers
can comprise diced silicon oxide/silicon (Si0,/Si) wafers on
tape material A, polymer-coated Si wafers diced on tape
material B, or diced gallium arsenic (GaAs) wafers on tape
material C, each of which has a predetermined baseline
value. Thus, in at least some embodiments, when processing
a plurality of different substrates (e.g., a plurality of different
types of wafer), the predetermined baseline value can be the
lowest predetermined baseline value of all the predeter-
mined baseline values of the plurality of different substrates.
Alternatively or additionally, an average or median of all the
predetermined baseline values of the plurality of different
substrates can be calculated and used during processing.

Next, at 108, the method 100 comprises one of when a
comparison of the obtained at least one of moisture mea-
surements or organic species measurements is equal to or
less than the predetermined threshold automatically per-
forming a second vacuum processing procedure in a second
processing chamber different from the first processing cham-
ber on the substrate, or when the comparison of the obtained
at least one of moisture measurements or organic species
measurements is greater than the predetermined threshold
automatically continuing performing the first vacuum pro-
cessing procedure on the substrate.

For example, when a moisture measurement/organic spe-
cies measurement is equal to or less than a lowest prede-
termined baseline value, the process for which the moisture
measurement/organic species measurement was taken ends.
Similarly, with respect to the slope, a slope can be calculated
based on all the predetermined baseline values of the plu-
rality of different substrates (e.g., a log of all the predeter-
mined baseline values), and when a calculated slope of the
moisture measurement/organic species measurement is
equal to or less then the calculated slope, the process for
which the moisture measurement/organic species measure-
ment was taken ends.

Conversely, when a moisture measurement/organic spe-
cies measurement is greater than the lowest predetermined
baseline value, the process for which the moisture measure-
ment/organic species measurement was taken continues
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(e.g., cycles or process time continues) until the moisture
measurement/organic species measurement is equal to or
less then lowest predetermined baseline value.
Next, the vacuum robot 242 (or an atmospheric robot for
an atmospheric mainframe) can transfer the tape-frame
substrate 208 from one of the processing chambers 214A-
214D to another one of the processing chambers 214A-214D
(e.g., the processing chamber 214D) to perform the second
vacuum processing procedure (e.g., plasma procedure) or
additional vacuum processing procedures (n” vacuum pro-
cessing procedures), in which 104-108 can be repeated. In at
least some embodiments, the method 100 comprises option-
ally performing a cleaning procedure on the substrate after
the second vacuum processing procedure or the additional
vacuum processing procedures.
For example, in at least some embodiments, when the
second vacuum processing procedure is performed, the
method 100 comprises performing a third vacuum process-
ing procedure on the substrate and repeating 104-108. In at
least some embodiments, after the third vacuum processing
procedure ends, a fourth vacuum processing procedure can
be performed. For example, the vacuum robot 242 can
transfer the tape-frame substrate 208 to and from the service
chambers 216A and 216B and/or the processing chambers
214A-214D as needed. For example, in at least some
embodiments, the third vacuum processing procedure and
the fourth vacuum processing procedure can respectively be
an ultra-violet procedure and a pick-and-place (PnP) proce-
dure.
For example, in at least some embodiments, the PnP
procedure can comprise picking up one or more of the dies
and placing the one or more dies on a substrate 312 (e.g., an
un-diced wafer) that has been previously loaded into the tool
200 (FIG. 3).
Similarly, 104-108 can be performed during an outgas
procedure (measurement) in the processing platform 201
(e.g., both an atmospheric mainframe and a vacuum main-
frame). For example, in at least some embodiments, an
outgas procedure can be performed prior to or after any of
the above-described vacuum processing procedures.
Moreover, in at least some embodiments, the methods/
apparatus described herein can be used on the AMM and the
vacuum buffer to detect cross contamination between pro-
cess modules by outgas from wafers. Such outgas can be
chemicals from, for example, a wet clean module (e.g.,
chemical cleaning and insufficient drying after the wet
clean) and/or outgas from the degassed/plasma-treated
wafers (e.g., because the wafer can be hot and keeps
outgassing shortly after processes).
While the foregoing is directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof.
The invention claimed is:
1. A method for hybrid bonding a wafer, comprising:
performing a first vacuum processing procedure on the
wafer disposed within a first processing chamber;

obtaining at least one of moisture measurements or
organic species measurements within the first process-
ing chamber;

comparing the obtained at least one of moisture measure-

ments or organic species measurements with a prede-
termined threshold; and

one of when a comparison of the obtained at least one of

moisture measurements or organic species measure-
ments is equal to or less than the predetermined thresh-
old automatically performing a second vacuum pro-
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cessing procedure in a second processing chamber
different from the first processing chamber on the
wafer, or when the comparison of the obtained at least
one of moisture measurements or organic species mea-
surements is greater than the predetermined threshold
automatically continuing performing the first vacuum
processing procedure on the wafer.

2. The method of claim 1, wherein the predetermined
threshold is determined based on at least one of a chamber
baseline value associated with a plurality of different types
of wafer or a change in a slope.

3. The method of claim 1, wherein the moisture measure-
ments are obtained for at least one of CO,, CO,, or H,0O, and

wherein the organic species measurements are obtained

for at least one of C,H,, or plasticizer.

4. The method of claim 1, wherein obtaining the at least
one of moisture measurements or organic species measure-
ments is performed using a residual gas analyzer (RGA).

5. The method of claim 1, wherein hybrid bonding com-
prises chip-on-wafer hybrid bonding.

6. The method of claim 1, wherein the wafer is a tape-
frame wafer comprised of singulated dies attached to an
organic tape through adhesive.

7. The method of claim 1, wherein the first vacuum
processing procedure is a degas procedure, and

wherein the second vacuum processing procedure is a

plasma procedure.

8. The method of claim 1, further comprising, prior to
performing the first vacuum processing procedure on the
wafer, performing at least one of a backgrinding procedure,
a tape mounting procedure, or a dicing procedure on the
wafer.

9. The method of claim 8, further comprising, after
performing the at least one of the backgrinding procedure,
the tape mounting procedure, or the dicing procedure on the
wafer, performing a cleaning procedure on the wafer.

10. The method of claim 1, further comprising, when the
second vacuum processing procedure is performed, per-
forming a cleaning procedure on the wafer after the second
vacuum processing procedure.

11. The method of claim 1, further comprising, when the
second vacuum processing procedure is performed, per-
forming a third vacuum processing procedure on the wafer;
and

repeating:

obtaining at least one of moisture measurements or
organic species measurements within a third pro-
cessing chamber different from the first processing
chamber and the second processing chamber;

comparing the obtained at least one of moisture mea-
surements or organic species measurements with the
predetermined threshold; and

one of when the comparison of the obtained at least one
of moisture measurements or organic species mea-
surements is equal to or less than the predetermined
threshold automatically performing a fourth vacuum
processing procedure in a fourth processing chamber
different from the first processing chamber, the sec-
ond processing chamber, and the third processing
chamber, or when the comparison of the obtained at
least one of moisture measurements or organic spe-
cies measurements is greater than the predetermined
threshold automatically continuing performing the
third vacuum processing procedure on the wafer.

12. The method of claim 11, wherein the third vacuum
processing procedure and the fourth vacuum processing
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procedure are respectively an ultra-violet procedure and a
pick-and-place (PnP) procedure.
13. A non-transitory computer readable storage medium
having instructions stored thereon that, when executed by a
processor, cause a method for hybrid bonding a wafer to be
performed, the method comprising:
performing a first vacuum processing procedure on the
wafer disposed within a first processing chamber;

obtaining at least one of moisture measurements or
organic species measurements within the first process-
ing chamber;

comparing the obtained at least one of moisture measure-

ments or organic species measurements with a prede-
termined threshold; and

one of when a comparison of the obtained at least one of

moisture measurements or organic species measure-
ments is equal to or less than the predetermined thresh-
old automatically performing a second vacuum pro-
cessing procedure in a second processing chamber
different from the first processing chamber on the
wafer, or when the comparison of the obtained at least
one of moisture measurements or organic species mea-
surements is greater than the predetermined threshold
automatically continuing performing the first vacuum
processing procedure on the wafer.

14. The non-transitory computer readable storage medium
of claim 13, wherein the predetermined threshold is deter-
mined based on at least one of a chamber baseline value
associated with a plurality of different types of wafer or a
change in a slope.

15. The non-transitory computer readable storage medium
of claim 13, wherein the moisture measurements are
obtained for at least one of CO_, CO,, or H,0, and

wherein the organic species measurements are obtained

for at least one of C H, or plasticizer.

16. The non-transitory computer readable storage medium
of claim 13, wherein obtaining the at least one of moisture
measurements or organic species measurements is per-
formed using a residual gas analyzer (RGA).
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17. The non-transitory computer readable storage medium
of claim 13, wherein hybrid bonding comprises chip-on-
wafer hybrid bonding.

18. The non-transitory computer readable storage medium
of claim 13, wherein the wafer is a tape-frame wafer
comprised of singulated dies attached to an organic tape
through adhesive.

19. The non-transitory computer readable storage medium
of claim 13, wherein the first vacuum processing procedure
is a degas procedure, and

wherein the second vacuum processing procedure is a
plasma procedure.

20. An integrated tool for hybrid bonding a wafer, com-

prising:
a first processing chamber configured to perform a first
vacuum processing procedure;
a second processing chamber different from the first
processing chamber and configured to perform a sec-
ond vacuum processing procedure; and
a controller configured to:
obtain at least one of moisture measurements or organic
species measurements within the first processing
chamber and the second processing chamber;

compare the obtained at least one of moisture measure-
ments or organic species measurements with a pre-
determined threshold; and

one of when a comparison of the obtained at least one
of moisture measurements or organic species mea-
surements is equal to or less than the predetermined
threshold automatically perform the second vacuum
processing procedure in the second processing
chamber on the wafer, or when the comparison of the
obtained at least one of moisture measurements or
organic species measurements is greater than the
predetermined threshold automatically continue per-
forming the first vacuum processing procedure on
the wafer.



